Improving the Effectiveness of GA-Based Approaches to Microwave Imaging through an Innovative Parabolic Crossover by Bort, Emmanuele et al.
  
 
 
 
 
 
UNIVERSITY 
OF TRENTO 
 DEPARTMENT OF INFORMATION AND COMMUNICATION TECHNOLOGY
  
38050 Povo – Trento (Italy), Via Sommarive 14 
http://www.dit.unitn.it 
 
 
 
 
 
 
 
 
 
 
 
 
 
IMPROVING THE EFFECTIVENESS OF GA-BASED APPROACHES TO 
MICROWAVE IMAGING THROUGH AN INNOVATIVE PARABOLIC 
CROSSOVER 
 
 
Emmanuele Bort, Andrea Massa, and Paolo Rocca 
 
 
October 2004 
 
Technical Report DIT-04-096 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
. 
  	
  
ﬀﬁﬂﬂ ﬃ  "!$#&%('ﬂ)* !+,-.'/,ﬂ
 0 
1-32('ﬁ  4 '
 .5,. '  ,	6'7
ﬀﬁ 89'7-'7:;.<=

>
.ﬂﬂ)3ﬁ?
@/AABDCFEHGIJGLKNMPORQTSHU	CHVHOWGTBXYBDZ[Z[B\S^]`_=acb=_=dﬀSfehgigjgS&BkCHVYlBDMPIJMmMonnTB
pqGrHBDOWQ[AG1CFQ3MDstuC\svMPOWAwBxQhyzMDCBDCHVY{NMPAcAﬁEHCHyJnTBkQ[yzMPC}|Gn~\CHMPIzMDPyzG1ZS
	CHyPG1O[Z[yQuMDs|OWGCQhM\SH6yBcMDAABDO[yPGﬁŁHS&PPPDﬁ|OWGCQhMjtQBkIJ
|G1IjLPDŁ7PDDSHfBxLPDP\Ł7PDDP
@-uABDyzI? D¡4¢Ddh_[ £zac x¤¤ H¥?¦§¡o¨£z©o¡&¦§ª¡4£z¦§ª«S4¬_=aac D¡&©f_=­z_£§b=®xdﬀª«So¯\ o®x­z®D£zdh®±°°[ k²f¥¢D¦§ª£z©¡&¦§ª«¡4£z¦§ª
³´G1µuZWyJQ[GDN¶oª«ª·¯¹¸»ºº4¼/¼/¼j£«_=­z_[¢D¦« £z¦§¡o¨£z©o¡&¦§ª¡4£z¦§ª
Ł
  	
  
ﬀﬁﬂﬂ ﬃ  "!$#&%('ﬂ)* !+,-.'/,ﬂ
 0 
1-32('ﬁ  4 '
 .5,. '  ,	6'7
ﬀﬁ 89'7-'7:;.<=

>
.ﬂﬂ)3ﬁ?
@/AABDCFEHGIJGLKNMPORQTSHU	CHVHOWGTBXYBDZ[Z[B\S^]`_=acb=_=dh½)egigigS&BDCHVl-BDMDIzMmMn1nTB
¾.¿¹ÀÁﬀÂ1ÃÄÅÁ
ÆDÇhÈÅÇhÉRÊËÌuÍuÎFÏPÐ·ÇÌ3ÑoÊÈÅÇ.ÌuÑFÒﬀÓ/Ô,ÍuÑoÊÍqÇhÈÅÒTËÕÎÍuÐ·ÒTÔoÊÉuÖx×vØoÊTÌRÇÏÊÙÙÉÚÒÅÊTÛÚÑFÇÌLÊÉÚÇ7Ç[ÜÛhÐ·ÇhÔkÍﬀÝ^Ç[ÞHÇÛ[×
ÍuÐÕÈÅÇ±ÝDÊÔFÏ7ÉÚÒTØÎFÌuÍÒTÙÍuÐÕßLÐÕà=ÊÍuÐ·ÒTÔáß7ÇhÍuÑFÒkÏÌâÒTÉ)ßLÐ·ÛhÉÚÒ=Ó-ÊÈÅÇNÐÕßÊã±ÐÕÔãFä)åNÒﬀÓ-ÇhÈÅÇhÉﬀÝxÍuÑFÇiÛÒTÔkÈÅÇhÉ×
ãÅÇhÔFÛÇjÉRÊÍÚÇÒâfÌuÎFÛÚÑáÍÚÇÛÚÑÔÐ·ækÎFÇÌçÌuÍuÐÕËÕËoÏÒDÇÌÔFÒTÍß7ÇÇhÍ-ÊËÕËoÍuÑFÇjÉÚÇæxÎÐÕÉÚÇhß7ÇhÔkÍÚÌâÒTÉ-ÒTÔP×vËÕÐÕÔFÇjÉÚÇﬀÊË
ÊÙÙËÕÐ·ÛﬀÊÍuÐ·ÒTÔFÌèÊÔFÏcÊÍuÍÚÇhßLÙÍuÐÕÔã.ÍÚÒÌuÙ\ÇÇÏﬁÎÙcÍuÑFÇ3ÒTÙÍuÐÕßLÐÕà=ÊÍuÐ·ÒTÔwÐ·Ì/ÔFÇÇÏÇÏ&äéÔÍuÑÐ·ÌjÙoÊÙ\ÇhÉﬀÝ
ÊáÔFÇhÓêË·ÒkÛﬀÊË)ÌÚÇﬀÊÉÚÛRÑ,ÒTÙ\ÇhÉRÊÍÚÒTÉﬀÝ&ÍuÑFÇqëFÍuÔFÇÌRÌ×vØoÊTÌÚÇÏwÙoÊÉRÊØ\ÒTËÕÐ·ÛLÛhÉÚÒ±ÌRÌÚÒﬀÈÅÇhÉﬀÝ&Ð·Ì?ÙÉÚÒTÙHÒ±ÌÚÇÏ,ÊÔFÏ
Çhß3ØHÇÏÏÇÏqÐÕÔxÍÚÒÊiÉÚÇﬀÊËì×«ÛÒkÏÇÏ	ãÅÇhÔFÇhÍuÐ·ÛçÊËÕãÅÒTÉuÐÕÍuÑßä)ÆkÎFÛRÑ6Êiß7ÒkÏPÐìëoÛﬀÊÍuÐ·ÒTÔ6ÇhÔoÊØË·ÇÌÍuÑFÇÐÕßÊãT×
ÐÕÔã3ß7ÇhÍuÑFÒDÏLÍÚÒ3ÊTÛRÑÐ·ÇhÈÅÇÊ?ØHÇhÍuÍÚÇhÉÍuÉRÊTÏÇ[×«ÒÞØHÇhÍ«ÓÇÇhÔáÛÒTÔxÈÅÇhÉuãÅÇhÔFÛÇÉRÊÍÚÇÊÔFÏLÉÚÒTØÎFÌÚÍuÔFÇÌÚÌÍÚÒ
â§ÊË·ÌRÇ3ÌÚÒTËÕÎÍuÐ·ÒTÔFÌﬀäNí-ÖÇ[îDÙË·ÒTÐÕÍuÐÕÔãáÍuÑFÇ	ÉÚÇhËÊÍuÐ·ÒTÔFÌuÑÐÕÙ}Ø\ÇhÍÓÇÇhÔ}ÍuÑFÇ	ÛhÉÚÒ±ÌRÌÚÒﬀÈÅÇhÉ?ÒTÙ\ÇhÉRÊÍuÐ·ÒTÔ,ÊÔFÏ
ÍuÑFÇ3Ë·ÒDÛﬀÊË^æxÎoÊTÏPÉRÊÍuÐ·Û	Ø\ÇhÑoÊﬀÈkÐ·ÒTÉ?ÒâÍuÑFÇ3âzÎÔFÛhÍuÐ·ÒTÔoÊËvÝ\ÐÕÍNÐ·ÌjÙHÒ±ÌÚÌuÐÕØË·Ç3ÍÚÒÐÕÔFÛhÉÚÇﬀÊTÌÚÇ	ÍuÑFÇ3ÛÒTÔkÈÅÇhÉ×
ãÅÇhÔFÛÇ-ÉRÊÍÚÇ-ÒâFÍuÑFÇãÅÇhÔFÇhÍuÐ·Û/ÊËÕãÅÒTÉuÐÕÍuÑß9ÊÔFÏ3ÍuÑFÇhÉÚÇhØkÖ3ÍÚÒNÒTØÍRÊÐÕÔ7ÊÔ6ÊTÛÛÇhÙÍRÊØË·Ç/ÌÚÒTËÕÎÍuÐ·ÒTÔqÓ/ÐÕÍuÑ
ÊáÌußÊËÕË·ÇhÉ?ÔxÎß3ØHÇhÉÒâëFÍuÔFÇÌÚÌNâÎÔFÛhÍuÐ·ÒTÔÇhÈTÊËÕÎoÊÍuÐ·ÒTÔFÌ=äïçÑFÇ6Ç[ÞHÇÛhÍuÐÕÈÅÇhÔFÇÌÚÌèÒâÍuÑFÇ	ß7ÒDÏPÐìëoÇÏ
ãÅÇhÔFÇhÍuÐ·Û[×ÊËÕãÅÒTÉuÐÕÍuÑß6×vØoÊTÌÚÇÏÐÕßÊã±ÐÕÔãß7ÇhÍuÑFÒkÏ}Ð·ÌÊTÌÚÌRÇÌÚÌÚÇÏØxÖÛÒTÔFÌÚÐ·ÏÇhÉuÐÕÔãcÌÚÒTß7Ç6ÌuÖDÔxÍuÑFÇhÍuÐ·Û
ÍÚÇÌuÍjÛﬀÊTÌÚÇÌÏPÐìÞHÇhÉÚÇhÔkÍjÐÕÔwÏPÐÕß7ÇhÔFÌuÐ·ÒTÔFÌÊÔFÏcÔFÒTÐ·ÌuÖáÛÒTÔFÏPÐÕÍuÐ·ÒTÔFÌ=ä-ïçÑFÇ3ÒTØÍRÊÐÕÔFÇÏcÔkÎß7ÇhÉuÐ·ÛﬀÊËÉÚÇ[×
ÌuÎËÕÍÚÌNÙÉÚÒﬀÈDÐ·ÏÇLÊÔ}ÇhßLÙÐÕÉuÐ·ÛﬀÊË)ÇhÈDÐ·ÏÇhÔFÛÇ6ÒâÍuÑFÇ	Ç[ÜÛhÐ·ÇhÔFÛhÖ}ÊÔFÏwÉÚÇhËÕÐÊØÐÕËÕÐÕÍ«ÖÒâÍuÑFÇ	ÙÉÚÒTÙHÒ±ÌÚÇÏ
ß7ÒkÏPÐìëoÇÏÇhÈÅÒTËÕÎÍuÐ·ÒTÔoÊÉuÖÊËÕãÅÒTÉuÐÕÍuÑßä
ðñòóFôõNóFök÷´øLèXyzn1O[M±ùNB±DGﬁyzABDPyJCHHSHyJCPGOWZ[GﬁZWnTBkQWQhG1O[yzC\HSfPGCHG=QhyJnﬁBDIJPMPO[yQh~HAcZS\G1PMDIzE\Q[yzMPC&BkOW
MPr4GOhBxQhMPOWZ

ú 4)-c*,5,
1.
@çPMPIJE\QhyJMPC&BDORûBDIJPMPO[yQh~HAcZü«@/UqZýBDOWGBnIzBDZ[ZMDsqCHMPCHIJyzCHGBDOﬁMPrQhyzAcyzþBkQhyJMPCûBDr\rHO[MBkn~HGZcµ&BDZWGV
MPCQ[~HGáCHBkQhEHO[BDIZ[G1IzGn=QhyJMPCßBDC\VßMPCQ[~HGár\O[yzC\nyzr\IzG7MDsçQ[~HG uZ[EHORykBDIMDsçQh~\GHQWQhGZRQh	|è~HG.O[MPµ\EHZWQR
CHGZWZS4Qh~HG&G=yJµHyzIJyJQuPSHQ[~HGáyJCQhO[yJCHZ[yJn7r&BDOhBkIzIzG1IzyJZ[A SHBDCHV Qh~HG.PIzMDµ&BDI)Z[GBDO[n~YnTBDr&BkµHyzIJyJQu,BDOWGQuorHyJnTBDI
svGTBkQ[EHO[G1ZS\ù~\yzn~ AwBkGL@/UqZ3BDrHr\IzyznBDµHIJG6BDCHVDGOWBkQ[Q[OhBDn=QhyJDGqùyJQ[~HyzC,BﬁIzBDO[DGqsvOhBDAcG1ùMPOwMDsGCo
PyzC\GGOWyzCHVHyJZ[n1yzrHIJyzCHG1Z?|è~HG
	7G1CHG1Q[yznUqIJPMPO[yQh~HA ü	LULý?VHG=PGIJMPr4GVßµ	MPIJIBDC\V·ŁBDCHVVHGG1rHIJ
ZWQ[EHVHyzG1V´µ	LMPIzVHµ4GOW jZWMPAGPGBDO[ZáBDPMHSyJZMDCHGMks?Qh~HGcAcMPZWQrHOWMPAyJZ[yJCH,BDCHV`VHyEHZ[G@/UqZ1
EHn~BkCBDrHrHOWMBDn~ê~HBDZwµ4GG1CVHGAcMPCHZRQhOhBxQhGV QhM µ4GßBkC Gcn1yzGCQS3G¹G1n1Q[yJPGkS3BDCHVêOWMPµHEHZRQ}MPr
QhyJAyJþTBkQ[yzMPCAG=Qh~HMoVyzCZ[G=PGO[BDIBDO[GB BkCHV`yJC`rHBDOWQ[yznE\IBDOqsvMDOLAyJnO[M±ùNBTPGyzABDPyJCHBDrHr\IzyznBkQhyJMPCHZ
   »ﬀ /oyzCHn1Gﬁ	LUqZNüBDZùNG1IzIBDZçBDIJIF@/UqZýBDO[G3a©­Õª«¦ ¯4­z_ﬂR ±¨o_=¡&ª^QhG1n~HCHyﬃoE\GZSQ[~HG17ùMPOLùyJQ[~
B6rMDrHEHIBxQhyzMDCáMDs4Z[MDIzE\Q[yzMPCHZOhBkQ[~HGOçQ[~&BDCB6ZWyzCHPIJGNZWMPIzE\Q[yzMPCﬁBDCHVcB6~HyzD~ﬁCFEHAﬁµ4GO/MDsfQhOWyBDIoZ[MDIzE\Q[yzMPCHZ
BDO[GG1kBDIJE&BkQ[GVßVHE\O[yzC\Qh~\GáMPr\Q[yzAcyzþBkQhyJMPC^?@çkBDIJE&BkQhyJCHBnTBkCHVHyzVHBkQhG.Z[MPIJE\QhyJMPCyJZ	C\MDQqDGOWVHy 
nEHIQTSPµ\E\Q/EHC\svMDOWQhE\C&BkQhG1IJ.yJQ-yzZ-Q[yzAcG=un1MPCHZWEHAyJCH	BDCHV^SyJCﬁZ[MPAcG?nBDZ[G1ZSQh~HGèM±DGOhBkIzI\n1MPAcrHE\QBxQhyzMDC&BDI
µHEHOWVHGCcCHGG1VHGVcQhM!&CHVcQh~HGPIJMPµ&BDIMPr\Q[yzAﬁEHA nMDEHIzVµ4G3E\C&BDnn1Gr\QhBDµHIJGD/|è~HG1O[G1svMDO[GDSFyQiyzZ/MPµoyzMPE\Z
Qh~&BxQ	svEHORQh~HG1OqZRQhEHVHyJGZ	MPCßZ[E\yJQBkµHIzG7ZWQ[OhBkQ[GPyJGZqBDµHIzG7QhM" ÚIJMnBDIzI#qZ[r4GG1V;EHrYQ[~HGán1MPCPGOWPGC\nGBDOWG
ZWQ[yzIzIçBDC`yJCQhGOWGZRQhyzC\YBDC\V`yJAr4MPOWQhBDCQLQhMPr\yznDcUqZ.B,AwBkQWQhG1OMksNs«BDn=QTSZ[EHn~ûBkC´BDn1nG1IzGO[BkQhyJMPCAwBT
BDIzIJM±ù µ4G1QWQhGOZ[MDIzE\Q[yzMPCHZLQ[MYµ4GMPµQBDyJCHGVùyJQ[~HyzCQh~HGcIzyJAyQhG1VBDAMDEHCQ.Mks3{?liQ[yzAcGcB±kBDyJIBDµ\IzG
svMPOèMPr\Q[yzAcyzþBkQhyJMPCyJC,yzCHVHE\ZWQhOWyBDI¹rHO[MonG1Z[Z[G1Z
UqZ/s«BDOjBDZ/Qh~\G3OWGVHE\n1QhyJMPCcMDs¹Q[~HGnMPAcrHE\QhBkQhyJMPC&BDIµHEHO[V\GCwMks$	LUqZiyzZ/n1MPCHnG1O[CHG1V^S\V\yGO[G1CQZRQhO[BkQhGﬀ
PyzG1ZnTBDCµGBDVHMDr\QhG1V^?|BFyzCHcyzCQhMBDn1nMPEHCQ	Qh~&BkQQ[~HGﬁ{?lièQhyJAGkS&CHGG1VHGVQhMcO[GTBkn~;BsvGBDZ[yJµHIzG
Z[MPIJE\QhyJMPCﬁMDsfQ[~HGèrHO[MDµHIzG1A BkQi~&BkCHV^SyzZ-VHEHGèQhM6Q[~HGèQhyzAcGNZWrG1CQNBxQ/GTBDn~cyJQ[GO[BkQhyJMPCBDCHVQ[M6Qh~HGèQhMkQBDI
CFEHAﬁµ4GONMksyQhG1OhBkQ[yzMPCHZ1SFZ[EHyQBDµHIJGqn1MPEHCQhG1O[AcGTBDZWEHO[G1ZènTBDCµ4GLBDVHMDr\QhG1V^&%	G1PIzG1n1QhyJCH.Q[~HG6OWGVHEHn=QhyJMPC
MDsiQh~HG{?liQhyJAGásvMDO6MPCHGyJQ[GO[BkQhyJMPC üBkVHVHO[G1Z[ZWGV´yJC' çQh~HOWMPEHP~ Br&BDO[BDIzIJGIyzAcrHIzG1AG1CQBkQ[yzMPCfýﬀS
Bár4MPZ[ZWyzµHyJIzyJQuyJZQ[MyzAcrHIzG1AG1CFQNBáZWEHyJQhBDµHIzG	AMoVHy &nTBkQ[yzMPCcMDsQh~\G6Z[GBDO[n~HyJCHrHOWMn1GVHEHOWG6QhMOWGVHEHn1G
Qh~HG	QhMDQhBDI¹CFEHAﬁµ4GONMDsyJQhG1OhBkQ[yzMPC\ZiE\n~BﬁOWGZWEHIJQènBDC,µG6BDn~HyzG=PG1Vµ}V\G&CHyJCHZ[E\yJQBkµHIzG	PGCHG=QhyJn
MPr4GOhBxQhMPOWZNBDµ\IzGQhMﬁn1MPCHZWQ[O[EHn=Q?AcMPO[G	rHO[MDAyJZ[yzC\Mﬀ¹ZWrHO[yJCHáMPCQh~HG	µ&BDZ[yJZNMDs¹QuùNMﬁMDONAcMPO[G3r&BDOWGCQhZ1S
Qh~HG1CûBDIJIzM±ùyzCH,BkC yzAcrHO[M±DGAcGCQáyJC Q[~HGwn1MPCPG1O[PG1CHnG}Q[MÅùNBDOWVHZ.Q[~HGwPIJMPµ&BDI/MDr\QhyJAﬁEHA )()G1Q.EHZ

nMPC\Z[yzV\GOQh~HGnO[MDZ[Z[M±DGO |è~HGYn1MPCHZRQhO[E\n1QhyJMPCêMDsLB`nOWMPZ[ZWM±PGOwMPrG1OhBkQ[MPOcVHGr4GCHV\Z}MPC V\yGO[G1CQ
BDZ[r4Gn=QhZ1iQ[~HGLnMoVHyJCHrHO[MonG1VHEHOWG7BDCHVQh~HGLyJAr\Izyzn1yJQj~orMDQ[~HGZWyzZMPCZWEHn~YBﬁsvEHC\n1QhyJMPC,BDOWMPEHCHVQh~\G
Z[G1IzGn=QhG1Vr&BkO[GCQ[Z
KnMPCHZWyzVHG1O[yJCHBﬁO[GBDInMoVHyzCH\SoABDCGGn1Q[yJDGLnO[MDZ[Z[M±DGOMPr4GOhBxQhMPOWZ?~&BTPGLµ4GG1C r\O[MPr4MPZ[G1V`ü«Z[G1G
 FsvMPOBDC.M±DGOWoyJG1ù	ýO[BDCHPyJCHèsvO[MPA Z[yzAcrHIJGZWQAcG1Q[~HMoVHZSÅù~Hyzn~.n~HMoMPZ[GMPCHGiMPOAMDO[GirMDyzCQhZyzC7Qh~\G
nMoVHGVouZ[MDIzE\Q[yzMPC ü«y GkJSQh~\G°¶odh®xaw®±¤±®xaw_±ý6Q[MABDOßQh~HGcnOWMPZ[ZWMÅDGOﬁr4MPyJCFQ[ZSQhM Qh~HGY Ddﬀ¦§ªv¶oaw_=ª«¦°[ D­
°=dh®±¤¤±®*D_=d+·Ł±Sèù~HG1O[GßQh~\GßMZ[rHOWyzCH´BDO[G;B`IzyzC\GTBDOcnMPAáµHyzC&BxQhyzMDC MDsLQ[~HGyJOwr&BkO[GCQ[ZS	BDCHVêQh~\G
¨o_®xaw_=ªdﬀ¦°[ D­°=dh®±¤¤±®*D_=d,·ŁPŁ.-6CQ[~HGMDQh~HG1O~&BDCHV^S4µ,CHMDQqBDZ[ZWEHAcyzCHBcIJyzCHGBDOèµHE\QqBr&BDOhBkµMPIJyzn
AMoVHG1I-MDsiQh~\Gcn1MPZWQLsvE\CHn1Q[yzMPCZ[E\OWs«BDn1GDSoQ[yzVHZWGC_=ªq D­£ﬁrHOWMPr4MPZ[G1V`yJC'ŁÅ/iBCHG1ù O[G1nMPAﬁµ\yzC&BkQ[yzMPC
MPr4GOhBxQhMPOLQh~HBkQZ[EHyQBDµHI;IzyJC0FZLQh~HGnO[MDZ[Z[M±DGOáQ[M Q[~HGß ﬂz¯4dﬀ¦®xdﬀ¦1FCHM±ùIJGVHPGMPC`Q[~HGcµG1~&BTyJMPOMDs
Qh~HG7n1MPZWQsvEHCHn=QhyJMPC^
tuC´Qh~\GwZhBkAGsvOhBDAcG1ùMPO4SQh~HyJZár&BkrG1O.yJZﬁBDyJAG1V´BkQ.rHOWGZ[G1CQhyzC\;BYCHG=ù2	7U AG=Qh~HMoV´µ&BkZ[GV´MPC
B3HQhCHG1Z[ZÚuµ&BDZWGVûn1O[MPZWZ[M±PG1Oü	LU6lj{èýqQhM,svEHIJIJßGﬀrHIzMPyQ7Z[MPAcG ﬂz¯4dﬀ¦®xd=¦4FCHM±ùIzGV\PGMDC Q[~HGIzMonTBDI
µG1~&BToyzMPOLMDsNnMPZRQ7svEHCHn1Q[yzMPC yzC~&BkCHV^ctQ.yJZLùNG1IzI5FCHM±ùC`Q[~&BkQyzCCHMPC\IzyzC\GTBDOLyJCFDGOWZ[GcZ[nTBxQ[QhG1O[yJCH
rHO[MDµHIzG1AZ^Q[~HGn1MPZWQsvEHC\n1QhyJMPCrHO[G1Z[GCQ[ZçZ[G=PGO[BDIoAyJCHyzAB\^|è~HyJZyzZnG1OWQBkyzCHILBVHOhBTùµ&BDn6fSPµ\E\Q-ZWEHn~
BDC yzC\svMPOWAwBxQhyzMDC;nTBDC`µGcnMPCDGCHyJGCQhI`GﬀrHIzMPyQhG1V`yJC`VHG1Z[yJPCHyzC\YBDC G1DMPIzEQhyzMDC&BDOWMDrG1OhBkQ[MPOU
AyJCHyzAáEHA VHG&CHGZBkCBkQ[Q[OhBDn=QhyJMPCwµ&BkZ[yzC}ù~\GO[GqnGORQBDyJCHIJQ[~HG6nMDZWQ?svEHC\n1QhyJMPC}ZW~HM±ùZB7ﬃFE&BDVHO[BkQhyJn
µG1~&BToyzMPO1 |è~HGOWG1svMPOWGDSG1PG1C Q[~HMPEHP~ Qh~\GnMPZRQcsvE\CHn1Q[yzMPC yzZC\MDQG=\BDn=QhIJ8oC\MÅùC¹S?B9ﬃFE&BDVHO[BkQhyJn
AMoVHG1I¹nTBkCµ4GBDZ[ZWEHAG1VYBkZ	BPMoMoVBkrHrHO[MTyzABkQ[yzMPC}MksQ[~HG7IzMonTBDIµG1~&BTyJMPOèMDsQh~HGLsvEHC\n1QhyJMPC^
|è~HGwrHBDrG1O.yJZ.MDO[BDC\yzþG1V BDZsvMPIzIJM±ùZtuCûoGn1Q[yzMPCûSQ[~HGABkQ[~HGABkQhyJnTBDI/AcMoVHGI/MDsèBDC yzCDGO[ZWG
Z[nBkQ[Q[GO[yJCHﬁrHOWMPµHIJGA yzZ?µHOWyzGHwV\GZ[n1O[yJµG1V µV\G&CHyJCHﬁQh~\G6CHMPCHIJyzCHGBDONMDr\QhyJAyJþTBkQ[yzMPCrHOWMPµHIzG1A Q[M
µGwZ[MPIPGV¹³ yQh~ûOWG1svGOWGCHn1G}QhMB:FCHM±ùC O[GBDInMoVHGV´DGOWZ[yzMDC MksèQh~HGPG1CHG1Q[yznBkIzPMPOWyJQ[~HASQh~\G
G1DMPIzE\Q[yzMPCZRQhO[BkQhG1D}µ&BkZ[GV MPC,Qh~HGLyJCHCHM±kBkQhyPG;HQ[CHGZWZRµ&BDZ[G1VYn1O[MPZWZ[M±PG1O	yJZèrHO[G1Z[GCQ[GVYyJC Gn=QhyJMPC
\jG1IzGn=QhG1V OWGZWEHIJQ[ZsvOWMPA CoE\AG1O[yznBDI^Gﬀ\r4GOWyzAcGCQhZBkO[GLrHOWGZ[G1CQhGVyzC G1n1Q[yzMPC,QhMﬁkBDIJyzV&BkQ[GqQh~\G
rHO[MDrMPZWGVBDrHrHOWMBDn~^joMPAGLµ\O[yzG=s-n1MPCHn1IzEHZWyzMPCHZèsvMPIJIzM±ùZ7üGn=QTPý=

< =
 0 'L, 'L
1?'< 0 c*,è<
tuC;AwBkCFBDr\rHIzyJnTBkQ[yzMPCHZ1S¹BkC;MPr\QhyJAyJþTBkQ[yzMPC,rHOWMn1GVHE\O[GZ[GBDO[n~\yzCH}svMPO3Qh~HGáPIzMPµHBDIAcyzC\yzAﬁEHA MDsjB
Z[EHyQBDµ\IJuVHG&CHG1VﬁnMPZRQ-svEHC\n1QhyJMPCáyJZQ[~HGNIJGTBDVHyJCHù?BTáQ[MqZWMPIJDGQh~\G?rHO[MDµHIzG1A yzCﬁ~&BkCHV^/{NMDCHnG1O[CHyJCH
AyJnOWMÅùNBTPGyzABDPyJCHHS^MDr\QhyJAyJþTBkQ[yzMPC;BkIzPMPOWyJQ[~HAZ	VHGAcMPCHZRQhO[BkQhG1V Q[M ùMPO;r\O[MPr4GOWIJP>	LGCHG1OhBDIJIJ
Z[r4GTBFyJCHHSBAyJnOWMÅùNBTPGyzABDPyJCH}rHOWMPµHIJGA svMDO[AﬁEHIzBkQhG1V;yzC;QhG1O[AcZLMDsyzCPG1O[Z[GcZ[nBkQ[Q[GOWyzCH,GﬃFE&BÅ
QhyJMPCHZyzCDMPIJDGZQh~HG,OWG1QhOWyzG=DBkI?MDsqBDC E\C0FCHM±ùC Z[n1GC&BkO[yzM yzIJIzEHAcyzCHBkQhG1V´µ BZ[G1QcMDs;? yzCHn1yzVHG1CQ
&GIJVHZüA@B
C
SED"FHGJILK KK IM?áýNZRQBDOWyzCHﬁsvOWMPA Q[~HG!FCHM±ùIzG1VHPG7MDsQh~HGLZWnTBkQWQhG1O[GV,&G1IzVN@OB
P
AGBDZ[E\O[GV,yJC
BcOWGPyJMPC,G=oQhG1O[C&BkIQ[McQ[~HG.yJCPGZRQhyJBkQhyJMPC,VHMPABDyzC,Q
RTSUqù~HG1O[G.Q[~HGZ[nTBxQ[QhG1O[G1O	yJZ3ZWEHrHr4MPZ[G1VYQhMcµ4G
IzMonTBkQ[GV^Uènn1MPO[VHyJCHQ[MQ[~HGcùGIJIoC\MÅùC´yzCPG1O[Z[GZ[nBkQ[Q[GO[yJCHYGﬃFE&BkQhyJMPCHZ1SQ[~HGwrHOWMPµHIJGA nTBkC´µ4G
AwBxQh~HG1AwBkQ[yznBDIzIVHGZWnOWyzµ4GVßBkZ?svMPIzIJMÅùZ ﬀ
@
B
P
FWV
BXMY
@
B
Z [
Q3\J]^\3@_`a\b]dcefhg üRŁ±ý
@
B
C
FW@
B
Z)i
V
B j^Y
@
B
Z [k
]^\J]^l7@O_ﬀ`a\J]dcefmg üDý
ù~HGOWGnVB
j
BDCHVoV!B
X
BkO[GáQ[~HGyzCQhG1O[C&BkIçBDCHV;GﬀoQhGOWC&BDI&	LO[G1GChp»Z6svEHCHn=QhyJMPCHZn·Ł±S)O[G1Z[r4Gn1Q[yJDGIJaq
Y
yzZ
Qh~HGEHC0FCHM±ùC;MPµ#rWGn1Q	svEHCHn=QhyzMDCYVHG1Z[nOWyzµHyJCHQh~HG.VHyzG1IzGn=QhOWyzn7VHyzZRQhOWyzµHE\Q[yzMPC,yJC:Q
RTSLU6BDCHV:@
B
Z
yzZQh~\G
GIJGn1Q[O[yJn1&GIJVyJCQh~HG7yzCDGZWQ[yzBxQhyzMDCVHMPABDyzC}n1MPCHn1GO[C\yzCHQh~HGDPQ[~,yzIzIJEHAcyzC&BkQ[yzMPC¹
KNGnBDEHZWG?MDs&Qh~\GNyzIJInMPCHV\yJQhyJMPCHyJCH?BDC\VáQh~HGNCHMPCHIJyzCHGBDO[yQuLMDsHQ[~HG?rHOWMPµHIzG1ASxnTBkEHZ[G1VµFQh~\G?AﬁEHIQhyzr\IzG
Z[nBkQ[Q[GO[yJCH}G¹G1n1QhZ6BDCHVßQh~\GáIzyJAyQhG1VYBDAcMPEHCQ	MDsiyzCsvMPO[ABkQhyJMPC,MDs/Qh~\GﬁV&BkQhB\S4Q[~HGﬁZWMPIzE\Q[yzMPCMDs/Qh~\G
rHO[MDµHIzG1A yzZènBDZWQ	BDZèQ[~HG7AyJCHyzAcyzþBkQhyJMPCMDsQ[~HGLsvMPIzIJM±ùyzCHﬁn1MPZWQsvEHC\n1QhyJMPC^
s
[
Y
It@
Z
g&FvuNw
Bx
jzy
@
B
P
i
V{A|6}
Y
@
B
Z
y
X
uw
Bx
j
y
@
B
P
y ~
uNw
Bx
jzy
@
B
C;i
@
B
Z
~
V!RTS}
Y
@
B
Z
y
X
uw
Bx
jy
@
B
C
y
X
üPý
n~&BDO[BDn1Q[GO[yJþG1V`µBIBkO[PGﬁCFEHAáµG1OMksNIJMnBDI-AcyzCHyJAwBcnMPOWO[G1Z[r4MPCHVHyJCHQhM,s«BDIzZWGﬁZ[MPIJE\QhyJMPCHZLMDsjQh~\G
yzCPG1O[ZWGwrHOWMPµHIzG1Ac|MAcyzCHyJAyJþGﬁZWEHn~ûBsvEHCHn=QhyzMDC^S-B,PIJMPµ&BDIçMDr\QhyJAyJþTBkQ[yzMPCßr\O[MonGV\EHO[GBDµHIJGQ[M
BTPMPyJV IJMnBDI¹AcyzC\yzAB.yzZèDGCHG1OhBDIJIJ}E\Z[GV¹U Q[Gn~HCHyﬃFEHGùyJVHGI}EHZWGVyzZèµ&BDZWGV MPCB	LU·Ł

 =
  
1 
è'L
=á 8 -cN*,5}
³ yJQ[~O[G1svG1O[G1CHnGLQhMﬁQ[~HGm3GBDIÚ{NMV\GV,	LGCHG=QhyJnLUqIzDMPO[yQh~HA üm	7U6ýrHO[G1Z[G1CFQ[GVyzCo S\IzG1Q?EHZènMPCo
Z[yJVHGO^Q[~HG/n~HO[MDAMPZWMPAcG ù~HyJn~7yzZ^Qh~\G&HMBkQhyJCH?r4MPyzCQ)OWGrHOWGZWGCQBkQ[yzMPCMDsoQh~HG/r\O[MPµHIJGA EHC0FCHM±ùCHZ
ü FŁ
Y
It@OB
Z
D
FGJILK K KIM?"ký= |è~HGMDr\QhyJAyJþGOﬁùMPOoZcyJQ[GO[BkQhyPGIûMPC B ZWG1QMDs6n~\O[MPAcMPZ[MDAG1Z
nTBDIJIzG1V ¯&®¯4©o­ Dª¦®x¡&SzOF2ﬀ 

t
FHGJILK KK I6HShµ4GyzC\wQh~HGáVHyzAcGCHZWyzMPC MDs/Q[~HGﬁr4MPrHEHIzBkQhyJMPCYBkCHV
 Qh~HG,yJQ[GO[BkQhyJMPCûyzCHV\G= UènnMDO[VHyJCH Q[M´BkC G=PMPIJE\QhyJMPC&BDOR ZRQhOhBxQhGkPSNG=PG1OW Z[MDIzE\Q[yzMPC yzZO[BDC0kGV
BDnn1MPO[V\yzCH}Q[MyJQhZ4HQhCHG1Z[ZLkBDIzE\GDSms T

Fs

n
SBDCHVBCHG=ù r4MPrHEHIzBkQhyJMPC96 
j
yzZ6V\G1QhG1O[AcyzCHG1V
Qh~HOWMPEHP~`Qh~HGwBDrHrHIJyznTBxQhyzMDC`MDsèQ[~HGwDGCHG=QhyznwMPrG1OhBkQ[MPO[Z1Y|è~HG1yzO.nMPAcrHE\QhBkQhyJMPC&BDI/OWMPIzGyzZ.Q[MYyJCFQ[O[Mk
VHEHn1GwVHyPGOWZ[yQuyzCQhM Qh~HGcrMDrHEHIBxQhyzMDC^SµF rHOWMPµHyJCHC\G1ù O[G1PyzMDCHZ7EHCHG=rHIJMPO[G1V µQh~HGZ[GIJGn=QhyzMDC
MPr4GOhBxQhMPO7ŁT7|è~HGAáE\QBkQ[yzMPCYMPrG1OhBkQ[MPOqyJCHZ[G1OWQ[Z6DBkO[yBkµHyzIJyJQu}yJCßQh~HGárMPr\EHIBkQ[yzMPCµßAcMVHys§oyzCH
Qh~HGkBDIJEHGMDs?MPC\GMPO7AcMPO[Gr4MPZ[yQhyJMPCHZcü«MDOá¨o_=¡¹_¤Åý6yzC`B ZWGIzG1n1Q[GV n~HOWMPAcMPZ[MPAcGD|è~HGcnO[MDZ[Z[M±DGO
rG1OWsvMPOWAZr&BDOWGCQhZp-OWGrHOWMVHE\n1QhyJMPCûBDC\V yJQ.PGC\GOhBxQhGZﬁBYCHG1ù yJCHVHyJoyJVHE&BDI5

6 
j
µ`nOWMPZ[ZWyzCHYQuùM
Z[G1IzGn=QhG1Vwr&BDOWGCQhZMDs¹Q[~HGnEHOWO[G1CFQNrMDrHEHIBxQhyzMDC^çFQBDCHVHBDO[Vn&MBkQ[yzCHxur4MPyzCQ/n1O[MPZWZ[M±PG1O?MPr4GOhBxQhMPOWZBkZ
ùNG1IzI¹BDZNQh~HBkQEHZ[G1V,yzC9 )rHOWMV\EHnGLBkC Mﬀ¹ZWrHO[yJCH7 T
6 
j
BDZNQ[~HGLIzyJCHGTBkOn1MPAﬁµHyJC&BkQhyJMPCwMksyQhZ?rHBDO[G1CFQ[Z
 
R


BDCHV) ¢¡

ü£cI#¤>¥'¦§GJIt©¨qEcªF«¤oý
 
6 
j
F¬]­ 
R


~
[
G
i
]gd  ¡

ü«ý
]µG1yzCH;BßO[BDCHVHMDA OWGTBDICoE\AﬁµG1OtuCûMPOWVHGOáQ[M;Z[~HM±ù Qh~HGwµG1~&BTyJMPOﬁMDsZWEHn~ BDC BDOWyJQh~\AG=QhyznBDI
MPr4GOhBxQhyzMDC^SPIzG=QiEHZinMPC\Z[yzV\GO/Qh~HGZWyzAcrHIzG?AcMPCHMxuVHyJAG1CHZ[yJMPC&BDIFZkG1Q[n~}Z[~HM±ùCyzCc-yz\ŁP-UqZinTBDCcµ4G
yzC\svG1O[OWGV^S&Qh~\G.MPr4GO[BkQhMDO3V\MG1ZqCHMDQ3n1MPCHZ[yJVHGO3Qh~HGZ[~HBDrG.MDs-Q[~HG7svEHCHn1Q[yzMPC QhMcVHGHCHG.Q[~HGáMZ[r\O[yzC\
BDCHVQh~HG3CHG=ùZ[MPIJE\QhyJMPCnMPE\IzVIzyJGèyzCBDCHMDQ[~HGOjBkQWQhOhBkn1QhyJMPCµ&BDZWyzC^SFG1DGCwQ[~HMPEHD~yQhZir&BDOWGCQhZjµG1IzMPC\
QhM Qh~&BkQáMDs?Q[~HG}PIJMPµ&BDI/AcyzCHyJAﬁEHA }|è~HyJZáG1DGCQnG1OWQhBDyzCHIZ[IJMÅùZ.Qh~HGnMPCPG1O[PG1CHnGO[BkQhGMDsèQh~\G
AyJCHyzAcyzþBkQhyJMPCrHO[MonG1Z[Z3µyzCHn1O[GBDZ[yJCHQh~HG7nMDArHEQBkQ[yzMPC&BkI¹nMDZWQ	BDCHVQh~\GM±DGOhBkIzI{?liQhyzAcGD
|MIJyzAcyJQZWEHn~´B}V\OhBTùµ&BDn6fSBwCHG=ù DGO[ZWyzMPCMDsiQ[~HG7&MBxQhyzC\kur4MPyzCQ	nOWMPZ[ZWMÅDGOLsvMPO6yJCPGOWZ[GZWnTBkQR
QhG1O[yzC\rHO[MPµ\IzGAcZ?~&BkZèµG1GC VHGZWyzPCHG1V,µFwQBFyzC\BDV\kBDCQBDDGLMDsQ[~HGLIzMonTBkIzIJﬃoEHBDVHOhBxQhyznµ4G~&BToyzMDO
MDsQh~HG nMPZRQ,svEHCHn1Q[yzMPC¹ mG1svG1O[OWyzCH QhM -yJH S6IzG=Q,EHZ VHG&C\G Q[~HG;QhO[yzBDI6n~HOWMPAcMPZ[MPAcG:
}¯®
F
]­

R


~
[
G
i
]g­
¢¡

Sz]
F°]­±áµG=QuùNG1GC²

R


BDCHV
¢¡

µ`n~HMMDZ[yzC\Qh~\G}OhBDC\VHMPA kBDIzEHGn]­±ﬁyJC´Qh~\G

OhBDC\PG³"´µ]­±´¶GBDCHV ZhBxQhyzZRs§oyzCHﬁQ[~HGLsvMPIzIJMÅùyJCHﬁOWGIBxQhyzMDCHZ[~HyJr
s
[

} ®
g·  s¸ ¢¡
 
i
s 
R

 
 ]­±
~
s¶^ 
R

 
üDý
|è~HGCQh~HG	CHG1ù9n~HOWMPAMDZ[MPAcG	yJZMDµ\QBDyJCHGVwBDZQ[~HG	DGORQhG=wMDs)Q[~HGqr&BkOhBDµ4MPIBLr&BkZ[Z[yJCHáQ[~HO[MPE\P~ 
R


S
 ¢¡

SfBDCHV,
}¯®
¹
[
]g&FW\J]
X
~+º
]
~¼»
üPý
ù~HGOWG:\µF

j­½
} ®
 ¾

| ¿ÁÀÂ
Ã

 Ä} ®Å
¾

| ¿ ÆAÂ
Ã

½
¾
[
| Ç
®
g
}¯®

j­½
}¯®

S
º
F
¾
[
| Ç
®
g
½
¾

| ¿ÁÀÂ
Ã

 Ä} È
®

¾

| ¿ÁÀÂ
Ã

½

| ¿ ÆÂ
Ã


}¯®

j­½
}¯®

S?BDCHV
»
F
s^ 
R


/UènnMDO[VHyJCHPIJDS\Qh~\GMﬀ¹ZWrHO[yJCHQhEHOWCHZMPE\QèQhMcµ4G
 
6 
j
F¬]
B
 
R


~
[
G
i
]
B
g­ ¢¡

I ]
B
F
i
º
É
\
üDý
|è~HG7rHO[MDrMPZWGV3 Úr&BkOhBDµ4MPIzyJnqn1O[MPZWZ[M±PG1O^Z[yJAyJIBDOWIJQ[MQ[~&BkQrHOWMPr4MPZ[G1VyJC·ŁÅ/BDn1Q[Z	BkZèµMDQ[~GﬀrHIzMk
OhBkQ[yzMPCBkCHV`GﬀrHIzMPyQBkQ[yzMPCYMPrG1OhBkQ[MPOSBkCHV`yJZB,AáEHIJQ[yurHBDO[G1CFQ6MPrG1OhBkQ[MPOn3M±ùNG=PGO1S-Qh~\GcCFEHAáµG1O
MDsr&BDOWGCQhZèV\MG1Z?CHMDQèV\Gr4GCHVMPC}Q[~HG6VHyJAG1CHZ[yJMPC&BDIJyJQuMksQ[~HG6rHOWMPµHIJGA 5-6CHIJcQh~\O[GGqr&BDO[G1CQhZBDOWG
CHGG1VHGV9QhM VHG=QhGOWAyJCHG BDC MZ[rHOWyzCH BDCHV9CHMDQÊ
[

X
g;üA µ4GyJCHûQh~HGCFEHAﬁµ4GO MDs.EHC0FCHM±ùCHZ
MPOßVHyJAG1CHZ[yJMPC&BDIJyJQu rHOWMPr4MPOWQ[yzMPC&BkI7Q[MQh~HGûrHOWMPµHIJGA Z[yzþ1G'Ë

j

Q[~HO[MPE\P~ Z[EHn~ BêO[G1IBkQ[yzMPCHZW~Hyzr
¶F
É&Ì
Ë
Ì
[
?
~
G/g[ý=SDZ[yzC\nGNQ[~HG?CHG=ù OWGn1MPAﬁµHyJC&BkQhyJMPCáMDrG1OhBkQ[MPO-Bkn1QhZ-yzCáQ[~HG?AcMPCHMkVHyzAcGCHZWyzMPCHBDI
Z[MPIJE\QhyJMPCZ[rHBDnGü«Z[BDAcrHIzG1V µ3]WýèBDC\VCHMkQyzCQh~HG7EHCÄoC\MÅùC\Z	ZWr&BDnGwüvù~\MPZ[GVHyzAcGC\Z[yzMDCyzZ..ý=
Í Î
5, ?
?'7<8Ï '7<1
1*,'7
=.
tuCLQh~HyJZ)Z[Gn=QhyJMPC^SxZ[GIJGn=QhGV.CFEHAG1O[yJnTBDIPOWGZWEHIJQ[Z^svO[MPA BèIzBDO[PG-nMPAcrHE\QhBkQhyJMPC&BDIDBDZ[ZWGZ[ZWAG1CQçBDOWGiZ[~HM±ùC
QhMPyJDG.ZWMPAGyzC\VHyznBkQhyJMPCHZèMPC Qh~HG.GGn1Q[yJDGCHG1Z[ZLMDsçQ[~HGyzAcrHO[M±PG1Vo	LU3uµHBDZ[G1VYrHOWMn1GVHEHOWGDUqZqB
O[G=svGO[G1CHnGQhG1ZWQnTBkZ[GDSBZWoCQh~HG=QhyJncQuùMkuV\yzAcGCHZWyzMPC&BkI-Z[n1GC&BkO[yzM ~&BDZ7µ4GG1C`n1MPCHZ[yJVHGOWGV`nMPCHZWyzZRQhyzC\
MDsqB`~HMPAcMPPG1CHGMDEHZü
Y
F
Y
[
$IaÐÄg3FÑGJKÒPýﬁZﬃFE&BDOWGn=IJyzCHV\GOÓ³ÄK
ÉJÉ
Ò&ÔHZ[yJVHGV nG1CQhGOWGVBxQÓtÕF
ÐÕ1F°³ÄKÖ×Ô´yzC`BDC`yJCPGZRQhyJBkQhyJMPCHZ7VHMPABDyJC Mks?Z[yJVHG×Ø
ÀÙ^Ú
FÛGJK G
É
Ò&Ô)|è~\GwEHC0FCHM±ùC MDµÜrWGn=QﬁyzZ
yzIJIzEHAcyzC&BxQhGVLµ.BqZWG1QçMks?ÝFµÞ6|3X,rMPIzBDO[yJþG1V.rHIzBDCHGjù?BTPG1ZiBDCHVáQ[~HGNZWnTBkQWQhG1O[GV
HGIzV.yzZnMPIJIzGn=QhG1V
ßTà£átâmã^ã^äåæ/çèé5êAäëêAìíîmçTãìïäèﬀæbð ñòåä/ãdíæóåAíëôõöø÷úù/ûaüLñ^ýmþõøß ­þ

ßtìíí^í^è1æ/çTñAã^åAí^êAç
	^íæã^äèñAçTæ/í^åçèé
íüóòMåAêAçêAçäèñaäﬀﬂﬁmìí^åíﬂäMêAì.êAìíæ/çíﬃíã­êåAçTããìåã­êí^åçñ£êAçTã^ñ èæêìíçèæ/óã^íæ!ﬀí"TæMåíﬂñAñAóïíæ êäí
ã^äèñ£êèêý

µ,AGBDCHZMDs-BcAﬁE\IJQhy·uyJIzIzE\AyJC&BxQ[yJMPC$#kAáEHIQhyÕoyG1ùêZRoZWQhG1A ŁÅyzC&% FG/³AcGTBDZWEHO[G1AG1CFQ3r4MPyzCQ[Z
IzMonTBkQ[GV;MPC BnyJO[n1IzG(' FvGJK G
É
Ò&Ô yJC O[BDVHyJEHZﬁUèn1nMPOWVHyzC\,Q[MQh~HGmyzn~HAcMPCHV p ZLrHOWMn1GVHE\O[GNŁTﬀS
Qh~HGcyzCDGZWQ[yzBxQhyzMDC`VHMDAwBDyJC~&BDZáµ4GG1C r&BDORQhyQhyzMDCHGV yzCË F G*)
Ì
G*)GﬃoEHBDIZWEHµ4VHMPABDyzCHZ1SQ[~FEHZ
¶F
É
³Þ,+\
UqZ)s«BDOBDZQh~\G 	LUqZr&BkOhBDAcG1Q[GO[ZBDOWGinMPCHn1GOWCHGV^SxQh~HG=7~&BTPGµG1GCn~HMPZ[G1CBDn1nMPOWVHyzCHèQ[M3Q[~HG/DBkIzEHG1Z
Z[EHDPGZRQhGVyJCQ[~HGqOWG1svGOWGCHn1G6IzyQhG1OhBkQ[EHO[G3MPCQ[~HyzZZ[EHµ#rWGn1Q!ŁÅ·ŁTﬀ&²F
É
³J³\S zÕF¸³ÄK+}üvnO[MDZ[Z[M±DGO
rHO[MDµ&BDµHyJIzyJQu\ýﬀS/ﬂ-+FWÒ
Ì
G/³
½ÜX
üvAﬁE\QBxQhyzMDCLrHO[MPµHBDµHyzIJyJQu\ý=Sﬂ.-¼FG
Ì
G/³
½/
ü«ZWyzCHPIJG=PGCHG/AáE\QBkQ[yzMPC&ý=S
BDCHV10 F
É>Ì
GL³2wü«ABxyzAﬁEHA+CFEHAﬁµ4GOLMDsyJQ[GO[BkQhyJMPCHZýﬀ.|è~\GcyJCHyJQ[yBDIr4MPrHEHIzBkQhyJMPC9437~&BkZLµG1GC
OhBDC\VHMPAcIJûPG1CHGO[BkQhG1V BDO[MDEHCHV Q[~HGYsvOWGG=Z[r&BknGQ[O[yzBDIZ[MPIJE\QhyJMPC ü 

j

3
F 
Y
3/It@OB
C 
DnFHGJILK KK IM?nFS
Y
3;F ³ÄK³ý3yJCYQh~\GásvMPIzIJM±ùyzCHcOhBDC\PGZ6V\G&CHG1V BDnn1MPO[VHyJCH}QhMQh~HGBTkBDyJIBDµHIJG ﬂz¯4d=¦®xdﬀ¦èyJC\svMPO[ABkQ[yzMPC
MPCYQ[~HGZ[n1GC&BDOWyzM}E\CHVHGO6Q[GZRQT;³ K³,´5'!l&
Y
[
$ItÐ0g6>´
É
K³\S
i
GJKÒN´5'!l5@OB
Z
[
$IEÐ0g63´GJKÒS^BkCHV
i
GKTÒ
´7698Ý@
B
Z
[
$ItÐÄgM´¶GJKÒ
&MPO}nMDAr&BkO[yzZWMPC rHEHOWrMPZWGZ1S6QhM rMDyzCQ,MPE\QQ[~HG`G¹G1n1Q[yJPG1CHGZWZYMDsQh~\G yJAr\O[M±PG1V BDr\rHO[MBkn~ yJC
AyJCHyzAcyzþ1yzCH üýﬀS?-yJH  ZW~HM±ùZwQh~HG µ4G~&BToyzMPOMDs	Qh~HG,HQ[CHGZWZwMDs6Q[~HG MPr\QhyJAwBkINZ[MDIzE\Q[yzMPC ü«y GkJS
s

:;
}


F<8)cAf>=
x
j@?BABABA ?


8)cAf
DC
s^ 
=
E

ýNVHEHOWyzCHﬁQ[~HGLyJQ[GO[BkQhyPG6rHOWMn1GZWZjUqZènTBkC µ4GLCHMDQ[yzn1GV^S&BxQ
Qh~HG3GC\VMDs^Qh~\GqrHOWMn1GZ[Z1SQ[~HGqMPrQhyzABDI\kBDIJEHG3MDs^Qh~\GqnMDZWQNsvE\CHn1Q[yzMPCyzZjO[GV\EHnG1VMDsBDµ4MPE\QëÞáMPOWVHGOWZ
yzCßABDPC\yJQhE\VHGù~\GCQh~HGn	LU6lj{ yzZqEHZ[G1V^S^ù~HyzIJG.Q[~HGﬁVHG1nO[GBDZ[yJCH,yzZqBDµMDE\QLMDsiMPC\IJ QuùNMMPOWVHGOWZ
ùyJQ[~,Q[~HGmﬁ	LU3uµHBDZ[G1V AcG1Q[~HMoV^
EHn~ Bßµ4G~&BToyzMDOánTBkEHZ[G1ZBkC yzAcrHO[M±DGAcGCQyzC`Qh~HG}OWGn1MPCHZWQ[O[EHn=QhyJMPC BDnn1EHOhBkn1 MksèQh~HG}ZWnG1C&BDO[yJM
EHCHVHG1OQ[GZWQNBDZëﬃoEHBDCQhyJQhBkQhyPG1IJn1MPCÄ&OWAG1V}µcQ[~HG	kBDIJEHGZjMDsQh~HG	GO[OWMPO&&PEHOWGZNV\G&CHG1V,BDZisvMPIzIJMÅùZ
F
¡
FHG>I
Ø
Æ
Y

:;
}

[
$IøÐÄg
iKJ
Y
[
$IøÐ0g
J
Y
[
$IøÐÄg L

L
ÐﬂM
Ì
G/³J³ üPý
Y

:;
}

BDCHV
J
Y
BDO[GQh~\GOWG1QhOWyzG=PGV BDCHV`Q[~HG}Bkn1QhEHBDIiMPµÜrWGn=QásvEHC\n1QhyJMPC^SO[G1Z[r4Gn1Q[yJDGIJaq&Q
¡
yzCHV\yznTBxQhGZ
Qh~HGù~HMDIzGyzCDGZWQ[yzBxQhyzMDCHZVHMPABDyzCü¤¼FON ]^e/]Wý=SjMPOﬁQh~HG BDOWGTB;ù~HGOWGQh~HG BDn=QhE&BDIèZWnTBkQWQhG1O[GOcyzZ
IzMonTBkQ[GVü¤
FON cAf]WýﬀSMPO/Q[~HG	µHBDn6FPO[MPE\CHVwµ4GIJMPCHPyJCHLQhM7Qh~HGyzCDGZWQ[yzBxQhyzMDCcV\MPAwBkyzCü¤"F>N lE]Wýﬀ
XMPOWG6yzCVHG=QBDyJISFQh~HG7BTDGOhBkPG6kBDIzEHG1ZèMDs×G/³ﬁO[G1rGBkQhG1V,yzCHVHG1rG1CHVHG1CFQOWGTBDIJyzþBkQhyJMPCHZjMDsQh~HGLyJAwBDDyzCH
rHO[MonG1Z[Z3QhEHOWCYMPE\QQ[Mwµ4GPF}
:
}RQ
TSVUXW YE
F¶³ÄK)J³oZZF}
:
}[Q
]\^SVUÄ
F¶ÖÄK_JÖ\S`FRTS}RQ
]SVU^W YE
FGJGJK Þ#ÒoZ1

FRTS}aQ
T\XSVU0
F¸Öb)ÄK³dcS&BDCHVeF©{£|6}Q
TSVUXW YE
FW³ KGÒáoZfF©{A|6}aQ
T\XSVU0
F
É
KTÒb_
XMPOWGM±PG1OS)QhM,BDZWZ[G1Z[Z.BDIzZWM}Qh~HGOWMPµHEHZRQhCHG1Z[ZMDsiQh~HGCHG=ù(BDr\rHO[MBkn~`BkBDyzC\ZWQ6Q[~HGCHMPyJZ[GDS)V\yGO[G1CQ
CHMPyJZWnMPCHV\yJQhyJMPCHZ	~&BTPGµG1GC;QBﬀDGC yzCQ[MBDnn1MPEHCQ7µBDVHV\yzCHwQ[MQh~HGﬁyJCPGOWZ[GV&BkQhBB}BDEHZWZ[yzBDC
CHMPyJZ[G6n~&BkOhBDn=QhGOWyzþ1GV µFwDBkO[yzMDEHZ?Z[yJPC&BDI·Q[MkuCHMDyzZ[GO[BkQhyJMPZ7ü
k
Ë&'6Zý=j-yJPEHOWG6Z[~HM±ùZèQh~HGLr\IzMDQ[ZèMDs
F
¡
DGO[ZWEHZQh~HG
k
ËP'ﬁ×-6CHn1G.BkBDyzC¹SQh~\G6DBkIzEHG1ZèMDsQ[~HGLGOWO[MPOHPEHO[G1Z3BDn~HyzG=PG1VùyJQ[~}Qh~HG	LU6lj{
BDO[GLIJM±ùNG1OQ[~&BDCQh~\MPZ[GMDsQh~HGmﬁ	LUá
&O[MPA BﬁnMDArHEQBkQ[yzMPC&BkI4r4MPyJCFQ?MDs)oyzG1ù7SQh~HGLr&BkOhBDµ4MPIzyJn	n1O[MPZWZ[M±PG1OyzZ?Gﬀ\r4Gn=QhG1V Q[MµG6AcMPOWG	QhyJAG
nMPC\Z[EHAcyzCH7Qh~HBDCwQh~\GqZWQhBDCHV&BkO[VBDOWyJQ[~HAG=QhyJn3n1O[MPZWZ[M±PG1O! Q[~HGCwyJQnMPEHIJVwµ4GqyJCFQ[GOWGZWQ[yzCHQhM.G1kBDI
E&BkQ[GQ[~HGQhOhBkVHG=M,µG=QuùNG1GCwQ[~HG3yzAcrHO[M±PG1AG1CQyJCcQ[~HG3O[Gn1MPCHZRQhO[E\n1QhyJMPC}BknnE\OhBDn=cBDCHVQ[~HG3yzCHn1O[G=
AG1CQqMDs/Q[~HGáM±DGOhBkIzInMPAcrHE\QhBkQhyJMPC&BDI)IJMBDV^3|M±ùNBDO[V\ZqQh~HyJZ	G1CHV^S)BkCYG=~&BkEHZWQ[yJPGn1MPAcrHE\QBxQhyzMDC&BDI
BDC&BDIoZ[yzZ	~&BDZLµ4GG1C nBDO[OWyzG1V;MPE\QLµßn1MPCHZWyzVHG1O[yzC\}VHyGOWGCQ7Z[yJþG1ZLMDsiQh~HGﬁr\O[MPµHIJGA+OhBDC\PyzCHsvO[MPA
Ë F
É"ÌoÉ
QhMË F G*)
Ì
G*)U	Z	Gﬀ\r4Gn=QhG1V^SQ[~HG.{?ljèQ[yzAcGC\GGV\GVQ[Mn1MPAcrHIzG=QhGBDC yJQhG1OhBkQ[yzMPC
yzCHn1O[GBDZ[G1ZjùyQh~3Ë+BDCHVcQh~HG1	LU6lj{ yzZiZWIzyzD~FQ[IJAcMPOWG3GﬀrG1CHZ[yPG	Q[~&BkQjQh~HG	mﬁ	LUÝ -yJH/\ü[ oýdSµHEQ
Qh~HG	r&BDO[BDµMDIzyznn1O[MPZWZ[M±PG1OS\Q[~&BDC0FZNQ[MáQh~HG	IzMonTBDIfZWGTBDOWn~nTBDr&BkµHyzIJyJQhyJGZ1SO[GﬃFEHyJO[G1Z?BáZWAwBDIJIzG1OjCFEHAáµG1O
MDsyJQ[GOhBxQhyzMDCHZNQhMcBDn~\yzG1DGQ[~HG7nMPCDGO[DGCHn1G3»-yzH/Hü[bÅýdjEHn~BµG1~&BToyzMPOèyJZBDIzZWMcn1MPCÄ&OWAG1V,µF
kBDOWoyzC\ﬁQh~HG
k
ËP' BDZZ[~HM±ùCYyJC -yzH-cV\GTBDIJyzCHﬁùyQh~ BVHyzAcGCHZWyzMPCHBDIzyQuMks©¶F
É
³Þ,+\
g
>
. <5,ﬂ)
1.,ﬂ
U CHG=ù O[G1nMPAáµHyzC&BxQhyzMDC}ZWQ[OhBkQ[GDDSHQh~HGLr&BkOhBDµ4MPIzyJn	n1O[MPZWZ[M±PG1O	~HBDZµG1GC,rHO[MDrMPZWGV BDCHV,yJCFQ[GPO[BkQhG1V
yzCQhMcBO[GBDInMoVHGV,PG1CHG1Q[yznBDIzDMPO[yQh~HA svMPOèAcyznOWM±ù?BTPGyzABDPyJCHﬁrHE\O[r4MPZ[G1ZyJCHnGLQ[~HG7r&BDOhBkµMPIJyzn
nOWMPZ[ZWMÅDGOr4GOWsvMDO[AcZBﬁIzMonTBDIZhBDAcrHIzyJCHáMksQ[~HGLZ[MPIJE\QhyJMPC}ZWr&BDnG7yJC,BDIzMPµ&BkI¹~HyJIzInIJyzAﬁµHyJCHLZ[GBDO[n~¹S
yJQ	BDIJIzM±ùZèQhMwyJAr\Izyzn1yJQ[IJcµ&BDIzBDCHnG7Qh~\GánMDCFDGOWPGCHn1GOhBkQ[GáBkCHVßO[MDµHEHZWQ[CHGZWZLBDBkyzCHZRQ	IJMnBDI)AcyzCHyJAwB
MPO?s«BDIJZ[GLZ[MDIzE\Q[yzMPCHZ1
|è~HGyzAcrHO[M±PG1VZRQhO[BkQhG1D,~&BDZµ4GGCßBDZ[ZWGZ[ZWGVßµ nMDCHZ[yJVHGOWyzCHCHMPyJZ[G1IzGZWZqBkZùGIJICHMPyzZRV&BkQhBBkCHV
kBDO[yJMPEHZwr\O[MPµHIJGA VHyzAcGC\Z[yzMDCHZ XMPOWGM±PG1OSqB nMPAcr&BDO[BkQhyPGYZRQhEHV~&BDZ}µ4GG1C nTBDOWO[yzG1VMPE\Q}Q[M
G1kBDIJE&BkQhGèQ[~HG	yJAr\O[M±PG1AG1CFQjM±PG1OQ[~HGqMPOWyzPyJC&BDI\BDrHrHOWMBDn~^/|è~HG3CFEHAcGO[yJnTBDIfOWGZ[E\IJQhZj~&BTPG	VHGAcMPC
ZWQ[OhBkQ[GVﬁQh~HBkQçQh~\GèO[Gn1MPCHZRQhO[E\n1QhyJMPCcBDnn1EHOhBkn1ﬁMks4Q[~HGèO[G=QhOWyzG1kBDIrHO[MonG1Z[Z/n1MPEHIzVµ4G?G1CH~&BDCHn1GVBDZçùGIzI

BDZ?Qh~\Gn1MPCPG1O[PG1CHnG.OhBkQ[GMksQ[~HG7MPr\QhyJAyJþTBkQ[yzMPC¹
Ł±
h$èﬃk?,Nﬂ
·Łji\a.t	MDIzIBkCHV^S k3¢ =¯4ª Dª«¦®x¡;¦§¡ml7 Dª«©od[ D­ D¡4¢(kqdﬀª«¦ n?°=¦« D­Oo pÅ¤=ªu_=a4{?BDAﬁµHOWyzVHDGD4Xtu| l/OWGZ[Z1S
XUáS)ŁTP
 .páH@èÄ	7MDIzVHµ4GOWHSﬂq	_=¡¹_=ª¦°rkq­»¨o®xdﬀ¦§ªv¶oaá¤q¦§¡so^_[ Ddh°¶½t¯4ª¦§a¦vu± Dª«¦®x¡ D¡4¢ﬁ]; o°¶o¦§¡¹_w_[ Ddﬀ¡&¦§¡o¨D
UèVHVHyJZ[MPC³´G1Z[IJG1PSfmGTBkVHyzCH\SfXUáS)ŁTPP\
»ﬀUáHXYBDZ[Z[B\SÜ ^	7G1CHG1Q[yzn	BDIzPMDO[yJQ[~HA+ü	LULýiµ&BDZWGV}QhG1n~HCHyﬃoE\GZ?svMPO?Dp AyJnOWMÅùNBTPG6yJCPGOWZ[GLZWnTBkQR
QhG1O[yzC\HSÁ yJC x_°_=¡&ªzx_¤±_[ Ddh°¶|{á_*D_=­z®¯4aw_=¡&ªv¤ ¦§¡ ]Y¦°=d®x¼j *D_|}^¶&_®xdp  D¡4¢~}_°¶o¡&¦©&_¤=S
|O[BDCHZRùNMPOWIzVm3G1Z[GBDO[n~ %	G1QuùMPO,liOWGZWZSf|OWyJkBDCHV\O[EHA SHtuCHVHyzB\SHrHr¹)Ł±PxÚŁ±\S\DPo
 á{?BDMDO[Z[yS	U.XYBDZWZhB\SqBDCHV X`èlBDZWQ[MPO[yJCHMHSj1U n1MPAr\E\QBkQ[yzMPCHBDI3Q[Gn~HC\y ﬃFEHGµ&BDZWGV9MPC B
O[GBDInMoVHGVPGCHG=QhyJn6BDIJPMPO[yQh~HA svMPONAcyzn1O[M±ùNB±DGqyJAwBDDyzCH7rHEHOWrMDZ[GZ1SLehgigjg~}HdW D¡\¤£q	_®±¤±°=¦«£
x_=aw®xªÚ_o^_=¡\¤=S\DMPIfPSHrHr^)Ł±DÅŁ±DP\S\DPP
 áX`lBDZWQ[MPO[yJCHMHSUáXYBDZ[Z[B\SFBDCHV{?BDMPO[ZWyS uUAyJnOWMÅùNBTPGèyJCFDGOWZ[GZ[nBkQ[Q[GO[yJCHLQhG1n~HCHy ﬃFEHGèsvMPO
yzABDPGO[G1nMPC\ZWQhOWEHn1Q[yzMPCûµHBDZ[G1VûMPCûBDGCHG=QhyznwBDIzDMPO[yQh~HA SÁwehgigjg}HdW D¡\¤£ie=¡\¤=ª«dﬀ©ac£] _[ x¤=JS
PMPIH\S\rHr^4PDÅRPDS&DPD\
»ﬀj-$ﬁ&X GCHHS&|L\|-BkGC&BﬀkBS&BDCHV,|LH|BDC&BxB\Sb ÚtuABDPG6OWGn1MPCHZWQ[O[EHn=QhyJMPCMDsQuùNMxuVHyJAG1CHZ[yJMPC&BDI
yzAcrG1CHG1Q[OhBDµ\IzG?MPµ#rWGn1Q[ZE\Z[yzC\DGCHG=Qhyzn3BDIJPMPOWyJQh~\AS¢H£4g­z_°=ª«dh®xac£r *D_¤k?¯¯4­Õ¦°[ Dª£zSPPMPIHŁ±\S
rHr^f±ŁPŁ±S¹Ł±PD\
 .XŁ\{N~\MPyS\XŁl-BkOfSHBDC\Vi\³ \m3B\SJ RmGnMDCHZWQ[O[EHn=QhyzMDC}MDsB~HyzP~ounMDCFQ[OhBDZRQNr4GC\G1QhO[BDµHIJG
MPµÜrWG1n1QyzCwrHEHIzZWGV}Q[yzAcGqVHMPABDyJCwµ}EHZWyzCHﬁQ[~HG6PG1CHG1Q[yznLBkIzPMPOWyJQ[~HAS¢dh®±°£,,V	egigig e=¡&ª£
q	_®±¤±°=¦«£x_=aw®xªÚ_o^_=¡\¤£o pkaq¯¹£zSfoyzCHBkrMPOWGDSrHr^)Ł±PÅŁ±PS\UqE\H)Ł±Po
»ﬀUáfXBDZ[Z[B\SfX`&p	MPCHGIJIzyS\4f{?BDMPOWZ[ySHX`^S&BkCHV X`&m3BﬀG1Q[Q[MHS# Úl-BDO[BDIzIJGI	LU3uµHBDZ[G1VBkrHrHO[MPBDn~
svMPONAcyzn1O[M±ùNB±DGqyJAwBDDyzCHBDrHr\IzyznBkQhyJMPCHZ1SÁ3ZWEHµHAcyJQ[Q[GVcQhMehgjgig}\dW D¡\¤£kq¡&ªu_=¡&¡4 x¤Ndh®¯\ ±¨ Dª£
»ﬀ.m&(/×qBkEHr\QBDCHVêi@èë	BDEHr\QSdW o°=ª¦°[ D­q	_=¡¹_=ª«¦°kq­»¨o®xdﬀ¦§ªv¶oaá¤=ç³ yJIzG= MDCHZSﬁ%3G1ù
jMPOfS)Ł±DP\
ŁPŁ
ŁTﬀO(/?p6BToyzZ1SﬁUèV&BDr\Q[yzCH´MPrG1OhBkQ[MPO[ZrHO[MDµ&BDµHyJIzyJQ[yzG1ZyzCêPG1CHG1Q[yzn;BkIzPMPOWyJQ[~HAZ1SÁdh®±°£PdW¢ e=¡&ª£

®x¡1£i®x¡q	_=¡¹_=ª«¦°kq­»¨o®xdﬀ¦§ªv¶oaá¤=SHr\r^f\Ł1uP\S¹ŁTPP\
ŁDŁf-}X yzn~&BDIJG1ùyJnþDSKq	_=¡¹_=ª¦°Kkq­»¨o®xdﬀ¦§ª§¶oaá¤¡  {. Dª 5ofª«d=©&°=ª«©dh_¤y  gë*D®x­Õ©ª«¦®x¡¢d®[¨DdW Daá¤=
rHOWyzCHPG1O?iGOWIBDHS0%	G1ù|jMPOfS)Ł±DP\
Ł±7|LjoQhyJVHZ[G1C^Sﬁ-ﬁj{?BDr\OhBDCHySNBkCHV£-jX yzn~&BDIJG1ùyJnþDS5uU rHBDOhBDµ4MPIJyzn}MPr4GO[BkQhMDOﬁsvMPOr&BDOhBkAG=QhGO
MPr\Q[yzAcyzþTBxQhyzMDC r\O[MPµHIJGAcZS¢¤dh®±°£,,,

®x¡o¨Ddh_¤¤c®x¡gë*D®x­Õ©ª«¦®x¡4 Ddp

®xaq¯4©ª Dª¦®x¡&S4PMPI)S
r^)ŁÅDD\S¹Ł±DP\
ŁTﬀpá4iDMPC\GZ}^¶&_}^¶&_®xdp}®¥7ª§¶&_6g­z_°=ªdh®xac ±¨D¡¹_=ª«¦z¤=a&lG1O[BDAcMPC l/O[G1Z[ZS-	osvMPO[V¹S)Ł±PDH
Ł¹m	BD~\AwBkQRR\BkAyJy)BDCHV;@è^Xyzn~HyJGIJZ[Z[G1C^Sg­z_°=ª«d®xac ±¨D¡¹_=ª«¦°t¯4ª¦§a¦vu± Dª«¦®x¡`b¦pq	_=¡¹_=ª¦°kq­§ﬂ
¨o®xdﬀ¦§ªv¶oaá¤= iDMD~HC ³ yJIzG=§(oMPCHZS)ŁTPP\
Ł±.\{?BDMPO[ZWySÄ	Ü(/Ä	7O[BDPC&BDC\ySFBDCHVX`\lBDZWQ[MPO[yJCHMHSJ ÚU	C}GIJGn1Q[O[MPABDPC\G1QhyJnyzABDPyzC\.BkrHrHO[MPBDn~
EHZ[yJCH B AﬁEHIQhyyzIJIzEHAcyJCHBkQhyMPC`Q[Gn~HC\y ﬃFEHGDS¢`ehgjgig¨}HdW D¡\¤£ª©¦®xaw_[¢D¦°[ D­jgN¡o¨£zSPMPIj\ŁPS?rHr^
PxP\SŁ±PD\
ŁTﬀfi\#.Fmyzn~HAcMPCHV¹S WnBkQ[Q[GOWyzCH7µB7VHyzG1IzGn=QhOWyzn?n=IJyzCHV\GO/MDs¹BDO[µ\yJQhO[BDOWánOWMPZ[ZiZ[G1n1Q[yzMPCcZ[~&BkrGkSÁ
egigigH}HdW D¡\¤£>kq¡&ªu_=¡&¡4 x¤dh®¯\ ±¨ Dª£zS\DMPI¹Ł±\S&rHr^fDDkÚkHŁPS4Ł±P
Ł±pá ¹³`GyzIJGDSBDCHV@è)X yzn~HyJGIzZWZ[G1C^Sa 	LGC\G1QhyJnﬁBDIJPMPOWyJQh~\A MPr\QhyJAyJþTBkQ[yzMPC BDr\rHIzyJGVQ[MGIJGn1Q[O[Mk
AwBkPCHG1Q[yzn1Z/U O[G=ùyzG=S¢.ehgjgigH}HdW D¡\¤£Dkq¡&ªÚ_=¡&¡4 x¤dh®¯\ ±¨ Dª£zS\PMPIHFS&r\r^fDxuD\S4Ł±PP
ŁÅ
« 
=.5
>
'7,
=. ﬂ
¬®­r¯[°±
öÅóe²$³7@ç\BDAcrHIJG.MDs/Q[~HGáµ4G~HB±oyJMPO	MksçQh~HGOHQhC\GZ[Z	svMPO3Q[~HGáyJCHVHyyJVHE&BDIJZèyzCPMDIJPG1VßyzCYB
ZRQBDCHVHBDO[Vmﬁ	LU3un1O[MPZWZ[M±PG1O	MDrG1OhBkQ[yzMPC^
¬®­r¯[°±
öÅó´O³èl/yzn=QhMPOWyBDIVHGZWnOWyzr\Q[yzMPC,MDsQh~HGBDn=QhyJMPCMDs-Q[~HG7r&BDO[BDµMDIzyzn	nOWMPZ[ZWMÅDGO1
¬®­r¯[°±
öÅózµO³kq¡4 D­Tp±¤=¦z¤3®¥Nª§¶&_t¯4ª«¦§a¦vux_=dig¶6_°=ª«¦ *D_=¡¹_¤¤^KNG1~&BTyJMPO-Mks&nMPZRQçsvEHCHn=QhyJMPC.DGO[ZWEHZ
Q[~HG7yJQhG1OhBkQ[yzMPCCFEHAáµG1O  
¬®­r¯[°±
öÅó(·³kq¡4 D­Tp±¤=¦z¤q®¥Nªv¶&_¸x_°®x¡\¤=ªdﬀ©&°=ª¦®x¡

 =¯\ b¦§­Õ¦§ª¦_¤jKNG1~&BToyzMPOMDs&Qh~HGNGO[OWMPOzHPEHO[G1Z
DGO[ZWEHZ
k
Ë&'ﬁqüW ýrF}
:
}ÚS)ü[bÅýrFRTS}uSfBkCHV`ü°TýF©{A|6}u
¬®­r¯[°±
öÅós¹O³rkq¡4 D­Tp±¤=¦z¤7®¥qª§¶&_

®xaq¯4©oª Dª¦®x¡4 D­©©dW¢o_=¡}/{NMPArHBDO[yJZ[MPCcµG=QuùNG1GC}Q[~HG6mﬁ	LU3
µ&BkZ[GVBDrHr\O[MBDn~BDCHVQ[~HG	7Uql{jrHO[MonG1VHEHOWGD	ü[ oýNCHMPOWAwBDIJyzþ1GV,{?li yJQ[GOhBxQhyzMDCwQhyJAGLBkCHV
üWbxý-r4GOWnG1CFQhBDPGMDsyJQ[GOhBxQhyzMDCHZ-CHG1GVHG1VQ[M7BDn~HyzG=PG3B;\GVQh~HOWGZW~HMPIzVÓs
]:a;
}


·®ºS,ºÓFHG/³
½ÜX

¬®­r¯[°±
öÅós»O³ªkq¡4 D­Tp±¤=¦z¤.®¥	ªv¶&_

®xaq¯4©oª Dª«¦®x¡4 D­4©©odW¢o_=¡,çlG1O[nG1CQBDPGLMks)yJQ[GOhBxQhyzMDCHZiCHGG1VHGV
Q[MO[GTBkn~ Q[~HGûnMDCFDGOWPGCHn1G DGOWZ[EHZ
k
ËP' µ EHZWyzCHêQ[~HGûmﬁ	LU3µ&BDZ[G1V rHO[MonG1VHEHO[G BkCHV
	LU6lj{juµHBDZ[G1VßBDrHr\O[MBDn~¹
Ł±
XF(x)
X
5 X2
X
X
8 114
k
(i)
k
(j)
(l)
(l)
(l)
k+1
k+1
k+1
t = 1/3
t = − 1
t = − 2
X
­r¯[°±
öÅó²½¼¾¿³ÁÀ¿Âfö*Ã§ÄdÅZÆ ÇÈ[ÉE ÚtuAcrHO[M±oyzC\ﬁQh~HG@©¹G1n1Q[yJPG1CHGZWZqMDsJ¢
ŁT
tX
1
F(x)
k
X
k
(i)
0
(j)
r
X
t
t
f(t)
X
k+1
(l)
k+1
F( x )(l)
t v
­r¯[°±
öÅó´m¼¾¿³ÁÀ¿Âfö*Ã§ÄdÅZÆ ÇÈ[ÉE ÚtuAcrHO[M±oyzC\ﬁQh~HG@©¹G1n1Q[yJPG1CHGZWZqMDsJ¢
ŁÅ
100
10-1
10-2
10-3
10-4
10-5
0 5000 10000 15000 20000
Fi
tn
es
s V
al
ue
, F
Iteration Number, k
RGA - based approach
GAPC - based approach
­r¯[°±
öÅóµm¼¾¿³ÁÀ¿Âfö*Ã§ÄdÅZÆ ÇÈ[ÉE ÚtuAcrHO[M±oyzC\ﬁQh~HG@©¹G1n1Q[yJPG1CHGZWZqMDsJ¢
Ł±
02
4
6
8
10
30 20 10 5
Ξ t
ot
SNR [dB]
RGA - based approach
GACP - based approach
üW ý
50
40
30
20
10
0
30 20 10 5
Ξ i
nt
SNR [dB]
RGA - based approach
GACP - based approach
ü[bÅý
0.0
1.5
3.0
4.5
6.0
7.5
9.0
30 20 10 5
Ξ e
x
t
SNR [dB]
RGA - based approach
GACP - based approach
ü°Tý
­r¯[°±
öÅóm·¼¾¿³ÁÀ¿Âfö*Ã§ÄdÅZÆ ÇÈ[ÉE ÚtuAcrHO[M±oyzC\ﬁQh~HG@©¹G1n1Q[yJPG1CHGZWZqMDsJ¢
ŁÅ
 0.001
 0.01
 0.1
 1
2x2 4x4 6x6 8x8 10x10 12x12 14x14 16x16
Ite
ra
tio
n 
Ti
m
e 
(lo
g s
ca
le)
Problem Size, N
RGA - based approach GAPC - based approach
üW ý
 0.1
 0.2
 0.3
 0.4
 0.5
 0.6
 0.7
 0.8
 0.9
 1
2x2 4x4 6x6 8x8 10x10 12x12 14x14 16x16
N
um
be
r o
f I
te
ra
tio
ns
Problem Size, N
RGA - based approach GAPC - based approach
ü[bÅý
­r¯[°±
öÅó¹m¼¾¿³ÁÀ¿Âfö*Ã§ÄdÅZÆ ÇÈ[ÉE ÚtuAcrHO[M±oyzC\ﬁQh~HG@©¹G1n1Q[yJPG1CHGZWZqMDsJ¢
Ł±
 0
 0.2
 0.4
 0.6
 0.8
 1
30 20 10 5
N
um
be
r o
f I
te
ra
tio
ns
SNR [dB]
RGA - based approach GAPC - based approach
­r¯[°±
öÅó»m¼¾¿³ÁÀ¿Âfö*Ã§ÄdÅZÆ ÇÈ[ÉE ÚtuAcrHO[M±oyzC\ﬁQh~HG@©¹G1n1Q[yJPG1CHGZWZqMDsJ¢
Ł±
